A new test method is presented that is considered suitable for measuring the long term mechanical properties of composites loaded in shear. The test method is assessed for its reproducibility and accuracy and compared to conventional Iosipescu tests for short term test results. Some initial test data for long term shear creep are also presented
Introduction
There is an increasing need for long term data on the mechanical performance of composites. There is a noticeable absence in the literature of creep data over significant timescales and a simultaneous absence of standard test methods to measure creep in polymer matrix composites of any description. Given that creep along fibre directions due to normal stresses is unlikely to be significant, shear creep will probably dominate in any real composite structure. The objective of this letter is to introduce a new test method designed to facilitate the measurement of long term shear properties of unidirectional and onhotropic composites.
Shear properties are amongst the most difficult mechanical properties of onhotropic composites to measure. The low shear stiffness compared to the normal stiffness along fibre directions makes it difficult to load a specimen without introducing spurious non-shear stress components. A large number of shear test methods have been proposed for measuring the short term modulus, strength and strain to failure in shear. It is generally agreed that the most accurate and precise test method involves loading a unidirectional tube in torsion (1) . This test however is sufficiently complex in terms of specimen preparation, gripping and alignment, and costly to perform, that it is only used in limited situations and does not appear in any set of test standards. All other test methods are compromises sacrificing precision and accuracy for reduced cost and convenience. The standard test adopted by most regulatory bodies is the tension test on a laminate with ±45 0 fibre alignment. The test is adequate for short term modulus but does not allow an accurate and non ambiguous strength to measured due to the generation of transverse tensile stresses (2) . Other tests uses various methods to introduce a nominal pure shear region. The two rail and three rail test use stiff rails to constrain a plate into shear, while the losipescu test (3) and variants thereof (4) introduce opposing v-notches loaded by opposing force couples to define a shear region. It is the losipescu test that is increasingly becoming the test method of choice and moves are well underway to introduce a standard based on this method by ASTM.
The choice of a test method for long term testing should ideally be based on test methods used for short term tests as this will allow sensible comparisons to be made between long and short term properties and minimise costs in specimen preparation and test fixtures. The most promising candidates for adoption as long term tests are the standard ±45°tension test and the losipescu test. The former has advantages in that it is a simple test to load but the problems associated with the high level of non-shear stresses are even more significant when long term testing is considered and the specimens also suffer from edge effects and fibre rotation at large deflections making the accuracy of the test uncertain. The losipescu test by contrast requires a somewhat complex loading fixture to introduce the opposing force couples and the stability of the test at large deflections could present a problem. The test method suggested here is a modified derivative of the losipescu test which introduces a simple loading system ideally suited for long term loading and which will eliminate any stability problems associated with the test.
The new test method has been validated by performing finite element analysis to demonstrate the presence of a pure shear region coupled with mechanical testing. Short term shear testing has been performed using the new fixture and conventional Iosipescu tests perfomed on material from the same test sheet to compare both measured values and failure modes. Some preliminary shear -creep tests have also been undertaken albeit at comparatively short timescales, to demonstrate that the test is feasible for long term tests.
The QMW Shear Creep Test.
The test configuration proposed involves a beam specimen. figure 1. equipped with a double pair of opposing V-notches which is restrained at both ends and centrally loaded. The general configuration is very similar to the conventional Iosipescu test and the specimen is fixed at both ends using a wedge gripping system identical to that proposed for the variant of the Iosipescu test to be adopted by ASTM.
The specimen may consist of a unidirectional specimen with fibre aligned either along the beam axis or transverse to the beam axis ( as for the Iosipescu test). but all testing and verification to date has involved fibres aligned along the beam axis. The specimens are all equipped with tabs to reduce any tendency for twisting and to assist in resisting the effects of any spurious tensile stresses at the loading positions.
The key dimensions of the test specimen include the length. the width of the central block of material. the notch depth. the notch angle and the radius of the notch root. Wherever possible the dimensions of the test specimens evaluated have been kept close to that specified for the draft ASTM Iosipescu test. However. in order to ensure that baseline short term shear strengths could be measured on test machines using a 5kn load cell. the beam width dimensions have been changed. slightly although the critical notch depth to beam width ratio of 1:4 has been retained. The main advantage of this configuration for long term testing is that loading can be introduced using a simple saddle arrangement with a dead load as required. 
Finite Element Analysis
Finite element analysis has been used to evaluate the state of stress in the gauge area for the specimen under the idealised loading conditions. The effects of varying specimen dimensions such as notch depth, notch angle, notch root radius, clamping positions and the length of the central loading area have all been studied in order to specify an optimum test specimen and loading arrangement.
The initial finite element analysis used Micro Field, a 2D, PC-based FE package. The symmetry of the test means that only half of the specimen was modelled using six eight node elements. The material is specified as an orthotropic solid with the main fibre direction set along the beam axis. A plane stress formulation is utilised. The model is configured to allow horizontal movement in the x-direction with the y-direction fixed. This is equivalent to the specimen being positioned on rollers which is not the case in practice. In reality the specimen is polished and the fixture is lubricated to minimise friction and simulate the idealised loading case as closely as is practicable.
A print out of the shear stress distribution in the specimen is shown in figure 2 . A uniform shear stress is generated across the gauge area. The analysis indicates that non-shear tresses are negligible in the gauge area but some tensile stresses can arise at the edge of the tabs. These stresses are not likely to be sufficient to cause premature tensile failures in the specimen and are of a comparable order or less than similar stresses reported in analyses of Iosipescu test in the literature.
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o Fix X and Y. The studies of the effect of specimen variables indicated little effect of specimen notch depth and notch angle although optimum shear stress distributions were found at notch depths of 20-25%. Notch root radius was however a key factor with an increase in radius from zero to 1mm producing a drastic drop in stress concentration along the notch root axis.
Short Term Shear Tests
Test specimens for the QMW test and for losipescu specimens were prepared from a single sheet of unidirectional composite. The composite was manufactured from ECR glass fibres supplied by Owens Corning and a Derakane 411-45 vinyl ester resin supplied by Dow Europe. The plate was produced by winding glass rovings onto a circular drum, prior to curing the material between steel plates using a standard cure cycle suggested by the resin suppliers.
The plate was sectioned into beam specimens and notches introduced using a 45°equal angle circular cutter. The dimensions of the specimens used for the QMW test were: length 93 mm, depth 15 mm , thickness of specimen 4mm with end tabs 1.6 mm thick on each side (i.e a total thickness of 7.2 mm in the tabbed regions). The dimensions of the losipescu test specimens were as proscribed by the draft ASTM Standard, i.e, 76 mm by 19 mm.
Short term shear testing using both fixtures produced failures involving shear cracks running parallel to the fibres in the gauge area. The apparent failure modes were identical in both cases with the initial cracks formed at the notch root tips and subsequent cracks forming in the central gauge area.
The shear stress/shear strain curves for a group of specimens tested using both methods are shown in figure 3 . For both test methods the initial modulus values are very consistent from specimen to specimen but the final strength and strain to failure introduce considerable variability. If anything the variability in the QMW test is less than that displayed by the losipescu tests but the ultimate shear strengths in the QMW test are consistently lower than those in the Iosipescu. This is best illustrated by figure 4 which shows 'composite' stress stain curves based on the average data from each of the sets of data presented in figure 4 It is worth noting from this curve that the stress strain curves for the material tested are significantly non-linear past a threshold strain of approximately 0.2%. Specimens from the same batch of unidirectional material were subjected to long term creep tests using the QMW test by positioning the new fixture in a cantilever loading jig and applying a constant applied load. Tests were conducted with applied loads equal to 25% and 68% of the average ultimate load. Due to the non-linearity of the material at the 68% load level, the initial "creep modulus' of the material appears different at the two loading levels. The strain in the gauge area was recorded using strain gauges and this was used to calculate creep modulus (defined as constant stress divided by instantaneous strain). 
Discussion
The prime objective of this letter was to demonstrate that the new test method is suitable for conducing long term shear tests on unidirectional and other composite materials.
The finite element analysis has shown that the test is at least as good as the current variant of the Iosipescu test adopted in draft ASTM standards in terms of providing a genuine pure shear stress state in the gauge area of the specimen. Furthermore, experiments show no differences in failure modes or specimen behaviour in the QMW test compared to equivalent Iosipescu tests on the same material. The modulus data is also almost identical to that produced in the Iosipescu test while variability in the data at high strain levels from specimen to specimen is slightly reduced. The only differences between the tests appears to be in the ultimate strength and strain to failure results, but this is not an important issue when measuring long term creep modulus.
The test method has also been used in practice to generate creep data and the loading arrangement has been found to be simple and convenient, and appropriate for use with deadloading apparatus.
The indications at this stage therefore are that the test method is suitable for adoption as a long term shear test method. The preliminary shear creep results reported in this letter also indicate that data on these properties for composites are urgently required. The material tested would exhibit a short term shear modulus of 4-4.5 GPa, but after testing at only 25% of ultimate load for 1000 minutes the modulus has already fallen to only 2 GPa. The short term data currently being used to calculate long term dimensions of composites could therefore be seriously in error and lead to significant service problems in cases where shear loads are significant.
